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ABSTRAcT
Objective: To evaluate the sensitivity and specificity of different protocols for measurement of 
vertical jump tests for the diagnosis of explosive strength in soccer and volleyball players at puberty. 
Method: Cross-sectional study population of 110 non-probabilistic young male athletes (60 soccer 
players and 50 volleyball players) aged 13 to 18 belonging to clubs in the metropolitan region of 
Campinas, SP, Brazil. Participants had their biological maturation assessed by two methods: self-
assessment and clinical measurement; after this evaluation, those classified as pubertal (25 soccer 
and 23 volleyball players) were included. Anthropometric data (body weight, height and skinfold 
thickness) and vertical jump tests: squat jump (SJ), countermovement jump (CMJ), drop jump (DJ, 
40-cm height) and vertical jumps continuously with 5 seconds duration (CJ5s) were collected. The 
following measurements of diagnostic performance were calculated: sensitivity, specificity, and 
accuracy. Significance level of 5% was adopted for all tests. results: Explosive strength estimated by 
the SJ and CMJ methods showed equivalent sensitivities, while the SJ presented higher specificity 
than the three methods, and accuracy of SJ was different from the other methods, which was high 
(above 80%). Conclusion: The diagnosis of explosive strength as SJ test presented high sensitivity 
and specificity with high predictive value at puberty.
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INTRoDUcTIoN
Assessment of the vertical jump is known for being an impor-
tant diagnostic method of strength performance1-5. The vertical 
jump methods are widely used as filed tests for assessment of 
explosive strength of lower limbs in many sports. Such methods 
are frequently studied considering their confidence and validity in 
volleyball6,7 and soccer players8,9.
High frequency of investigation on vertical jumps in the adult 
population and their strong impact on the performance diagnosis 
of the explosive strength make this method one of the greatest 
attractions. recently, some studies tend to outline studies using 
the jumps and tests procedures to estimate explosive strength in 
young athletes10-12.
The vertical jump assessment presents as advantage the perfor-
mance of measurements in any individual, including children and 
adolescents. However, such populations are influenced by factors of 
physical growth13, biological maturity14,15 and chronological age16, 
and, if correctly used, would permit the reduction of wrong diag-
nosis applied in this population.  
Due to the many questions related to measurement of the jum-
ped height, it is of crucial importance to establish the real contribu-
tion of the jump methods used, centralized in reaching for a correct 
diagnosis for trainability, which can be understood as positive alte-
rations of these children and adolescents, strongly influenced by the 
presence of many gradients of the strength manifestation which 
contribute to the performance potentiality in soccer17 and volley-
ball players. There is some questioning in the use of the vertical 
jump method for explosive strength estimation in young athletes: 
which of the vertical jump methods have specific diagnosis and 
enable better prediction of the sensitivity in the adjustment of the 
biological maturation in puberty. 
The aim of this study was to evaluate the sensitivity and specificity 
of different measurement protocols of vertical jumps tests for the diag-
nosis of explosive strength in soccer and volleyball players in puberty.
MATERIALS AND METHoDS
Subjects sample
This was a transversal study with a non-probabilistic sample of 110 
young male athletes aged between 13 and 18 years, belonging to clubs 
of the metropolitan area of Campinas, SP, Brazil. The participants had 
their biological maturation checked by two methods: self-evaluation 
and clinical measurement. Specifically, the athletes participated in two 
sports: soccer and volleyball. Thus, the sampling was composed of: 
soccer players’ sample: 60 soccer players, age between 13 and 17 
years, participated in this study. After the maturational assessment, 
the pre-puberty and post-puberty individuals were excluded. There-
fore, the sample of this study ended up being of 25 male pubescent 
soccer players, from a club of the Campinas region, SP (14.90 ± 
0.55 years; 62.03 ± 7.01 kg; 172.31 ± 7.77 cm; 4.34 ± 2.45 years of 
experience; %F = 13.87 ± 4.01).
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Volleyball players’ sample: 50 volleyball players, aged between 
14 and 18 years, affiliated with the Volleyball Federation of São Paulo 
State (FPV). After the maturational assessment the pre-puberty and 
post-puberty individuals were excluded. Thus, the sample of this 
study consisted of 23 male pubertal volleyball players from a club 
of the Campinas region, SP (15.15 ± 1.07 years; 62.03 ± 7.01 kg; 
192.56 ± 6.25 cm; 3.34 ± 2.31 years of experience; %F = 16.87 ± 5.31).
The measurements were performed at the beginning of prepa-
ration period of the Soccer Championship of São Paulo State in 
2009. The study was approved by the Ethics in research Committee 
of Unicamp (nº 526/2007). All subjects signed a consent form for 
participation as volunteers in the proposed study, as well as the legal 
responsible one for the volunteer who signed another consent form. 
Measurement procedures
The performance of the vertical jumps was verified through 
vertical jump tests with the techniques: squat jump (SJ), counter 
movement jump (CMJ), 5-second continuous vertical jumps (CJ5s) 
and drop jump with drop height of 40 cm (DJ40). The equipment 
used in the measurements performance of the vertical jump was 
the Jump Test contact mat. 
SJ test: this technique consists in the performance of a vertical 
jump with half squat which departs from a 5-sec static position, 
knee flexion of approximately 120º without previous countermove-
ment of any segment; the hands should stay close to the hip, on 
the suprailiac region. The trunk should be vertical without excessive 
early move. A technical detail must be observed: it is important that 
the knees remain at extension during the fly. The interval between 
each attempt will be of 10 seconds. These technical procedures are 
described by Bosco18.
CMJ test: the athlete stood from a position with erect trunk 
and knees at 180° extension. The maximal vertical jumps were 
performed with countermovement technique without help from 
the upper limbs (hands remained still and close to the hip). In that 
specific situation, the athlete performed the stretching and short-
ening cycle (knee flexion and extension), a procedures described by 
Bosco18. The knee flexion occurred approximately at 120° angle; the 
subject performed later knee extension, trying to push the body 
upwards and vertically, during this action the trunk remained still 
to avoid influence in the results. Some technical details have been 
observed, such as: the knees remained extended during the fly and 
the upper limbs did not contribute to the impulse. The interval 
between attempts was of 10 seconds18.
CJ5s test: the athlete stood up from a position with erect trunk, 
with knees extended at 180°, with hands still and close to the hip 
(waist). The continuous vertical jumps were performed with the 
countermovement technique with 5-second duration. In that spe-
cific situation, the athlete performed the stretching and shortening 
cycle limiting the knee and ankle flexion with fast and brief ricochet 
bounce movements, jumping as high as possible. Some technical 
details have been observed, such as: contact with the ground 
after the fly was performed with metatarsi and not on the foot 
surface; knees remained extended during the fly and the upper 
limbs did not contribute to the impulse. The interval between each 
attempt was of 60 seconds. This technical procedure is described 
by Bosco et al.19.
DJ40 test: the method of the drop jump test consists in having 
the subject on a 40 cm-high bench, fall on the mat test, at the 
contact with it, he must react with a stretch-shorten cycle to try to 
perform a maximal vertical jump. The drop height was of 40 cm. To 
begin, the subject must be standing on a bench at erect position, 
extended legs (180° knee angle), hands on the waist. He must then 
take one foot forward and fall with the gravity effect. At contact with 
the ground, he should react as fast as possible, jumping as high as 
possible. During this movement, knee flexion should be avoided1.
For this study, the intraclass correlation coefficient was calcu-
lated for each variable of the tests, demonstrating high levels of 
confidence (CMJ = 0.98; SJ = 0.99; CJ5s = 0.91; DJ40 = 0.88) in the 
test/retest with vertical jumps, presenting low variation coefficients 
(CV = 2.34%; 2.68%; 3.41% and 4.32% for the tests, respectively, for 
SJ, CMJ, CJ5s and DJ40).
Anthropometry: the height (H) and body weight (BW) anthro-
pometric measurements were used to characterize the body di-
mension of the studied subjects. These measurements taken based 
on standardization described by lohman20 used the equipment: a) 
wooden stadiometer; and b) Plena lithium Digital electronic scale, 
with precision of 100 g. 
Body composition measurements: body composition was 
measured through the skinfolds: tricipital (TrSF) and subscapular 
(SBSF). The fat percentage (%F) was estimated through the predic-
tion equations proposed by Slaughter et al.21.
Maturational assessment: the participants self-evaluated their 
maturation22. The genital was used as maturational interpretation 
reference, which represented the biological maturation of the sub-
jects, classified in pre-pubertal. Pubertal and post-pubertal. In order 
to check data quality in this study, their validity and confidence were 
investigated, for a sample of 12 subjects out of the participants in 
the study. After self-evaluation of sexual maturation was performed, 
the subjects were submitted to an observation by the doctor of the 
soccer club to check sexual maturation, making use of the Tanner 
scale22. Confidence was assessed using the statistical process of 
the intraclass correlation coefficient, while for validity, the variation 
coefficient (VC) was used.
The α confidence coefficient was high, 0.85 (p < 0.01). The varia-
tion coefficient was of 12.4%, with technical error of measurement 
of 0.86 per stage, respectively, for F. The results indicate that high 
level of confidence may be observed in the sue of self-evaluation 
in soccer players. Similar findings mention that self-evaluation is 
a vaid and reliable method for evaluation of sexual maturation in 
elite adolescent athletes23.
Data collection procedure 
Data were collected in the beginning of the preparation period 
for the volleyball and soccer championships. The subjects perfor-
med 15 minutes of warm-up through actions of: stretching, running, 
coordination exercises and exercises for neuromuscular activation 
specific to the jump tests. Each subject performed three maximal 
attempts for each one of the vertical jump tests. recovery time was 
of 10 seconds between attempts and 60 seconds between tests. 
The best of the attempts of each vertical jump technique was used. 
The order set was SJ, CMJ, CJ5s and DJ40.
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Statistical analysis procedure
In the statistical analysis, normality of the variables of the vertical 
jump tests was verified by the Kolmogorov-Smirnov test. Taking 
the definition of quality in the measurements as gold-standard, 
the measurements of diagnostic performance were calculated 
(sensitivity, specificity and accuracy). The significance level for all 
tests was set in 5%. The statistical analyses were taken with the 
SPSS programs for Windows (version 17.0).
RESULTS
Table 1 presents that the estimated explosive strength by the 
SJ and CMJ methods presented equivalent sensitivity, while the SJ 
presented specificity higher than the four methods. Moreover, SJ 
accuracy was different from the other methods, which was high 
(higher than 80%).
The results demonstrated that the prediction value was high 
for SJ (S=96%; E=95%), while for the CMJ, they demonstrated high 
prediction value for sensitivity (S=85%) and low prediction value 
for specificity (SP=59%).
In the CJ5s method, joint reduction in the prediction values 
(S=73%; SP=45%) can be observed. Sensitivity and specificity were 
relatively low for the DJ40 method (55 and 29%).
However, the results of the present study let us suitably compare 
the performance of the four test methods with vertical jumps in 
puberty. A limitation of the present study is the absence of control 
of the independent variable of the signal of electrical activation of 
the muscles involved in the vertical jump movement, which made 
the identification of the real value of the reflex elastic component 
difficult. However, the comparison of the diagnosis of explosive 
strength methods was not compromised. 
The superiority assessed comprehends only the characteristics 
of the measurements intrinsic to sensitivity and accuracy of the 
methods in puberty and should not be interpreted as a substi-
tution of a method for another, at adulthood, since it has been 
acknowledged in the literature that the variety of methods avai-
lable has a complementary character in the diagnosis of strength 
production, which makes it possible to diagnose different gradients 
of the manifestation of explosive strength.
Thus, it is not simply the case of concluding about the supe-
riority of a method over another, rather alerting for the existence 
of different methods which can be used in order to avoid wrong 
diagnosis due to the expression of different components. However, 
the quality of the diagnosis measurement in puberty is an indication 
by the SJ in puberty in volleyball and soccer players. 
The most influential factor is intense training in its specific 
manifestation for these sports, especially with the training which 
stimulates the recruiting component in pubertal youngsters25. It 
is worth mentioning that the justifications concerning these al-
terations of explosive strength are not due to the increase in the 
recruiting of the motor units alone, but also by the increase of the 
contraction velocity.
Bojsen-Møller et al.26, in high-level athletes, have observed 
correlation between maximal among strength, stiffness in SJ and 
CMJ (r = 0.64; p < 0.05 and r = 0.55; p < 0.05). These data determine 
that the production of maximal strength of the muscles is positively 
related to the stiffness of the structures of the tendon organs, 
possibly through more efficient transmission of the contractile 
elements strength to the bones. 
Concerning the elastic and reflex components of the strength 
manifestation through the stretching and shortening cycle, we diag-
nosed in the CMJ, DJ40 and CJ5s tests that specificity constitutes 
the best marker of diagnosis in puberty due to their low prevalence. 
The results found evidence that the combination of these com-
ponents was more efficient in the diagnosis of explosive strength, 
whose explanation is that the hierarchy activity condition among 
the components influences on the other manifestations, especially 
on the strength production rate27,28.
The results suggest that the test protocols used in the study of 
the elastic component were representative of different performan-
ce examples of the stretching/shortening cycle24, in the CMJ, DJ40 
and CJ5 tests, and, consequently, the test with higher sensitivity and 
accuracy to diagnose this component was the CMJ.
It seems almost certain that the adjustments in the accelerated 
adaptation may exist for jump height in SJ, CMJ, DJ40, and CJ5s 
in male young subjects; however, the stiffness results of the legs 
suggest that the reflex elastic components present manifestation 
with function which may follow a tendency for different development 
in puberty16. Thus, we carefully consider that the DJ40 and CJ5s tests 
Table 1. Estimated values of sensitivity, specificity and accuracy of the diagnostic 








SJ (cm) 96 (92.99) 95 (90.98) 81 (76.86)
CMJ (cm) 85 (75.93) 59 (46.76) 65 (57.82)
CJ5s (cm) 73 (62.93) 45 (32.58) 59 (48.80)
DJ40 (cm) 54 (11.98) 29 (14.42) 48 (27.69)
DIScUSSIoN
The results of the present study suggest that the SJ and CMJ 
tests present sensitivity higher than the other tests for identifica-
tion of explosive strength in puberty, since this condition is highly 
prevalent. Additionally, the SJ test presented specificity prediction 
values which corroborate the SJ superiority in the vertical jump tests 
concerning the test’s ability to present the explosive strength diag-
nosis, besides good ability of diagnostic correctness of the explosive 
strength manifestation, represented by the high accuracy level. 
The method tested for the diagnosis of the elastic component 
(CMJ) presented higher sensitivity than specificity and suggests 
that this procedure presents performance similar to the one ob-
served in the diagnosis of explosive strength by SJ; however, not as 
specific as the SJ in puberty. In the study by lloyd et al.24, height of 
SJ explained better the total variance for the index of reactive force 
expressed by the elastic component (r2 = 53.9%). Nevertheless, jump 
height in the CMJ and SJ height were the best predictors (r2 = 86%) 
of each other in puberty24, which occurs due to the influence of the 
neural components by the velocity of contraction in the strength 
manifestation in puberty.
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resent low accuracy in the diagnosis of explosive strength of soccer 
and volleyball players in puberty. 
In another point under consideration, in the differences of va-
riance among vertical jumps test methods in the diagnosis in the 
strength manifestations with their respective correlations, it was 
observed that the reflex elastic behavior was one of the manifes-
tations which have suffered the highest maturational influences 
when compared to the others. This fact may be explained by the 
tendency of higher influence of the body weight and muscle area 
of the thigh on the strength production of this expression in the 
CJ5s and DJ4013,29,30. The study also shows that the SJ test, if used 
according to determinations which guarantee its suitable appli-
cation, is a viable, safe and cheap method which may help in the 
diagnosis of explosive strength. 
coNcLUSIoN
The diagnosis of explosive strength with the SJ test presented 
high sensitivity and specificity, with high prediction value in puberty. 
On the other hand, decrease in CMJ specificity was observed, which 
indicates decrease in the prediction value of the result; therefore, 
the impact of this test is low.  
Additionally, we can observe that the CJ5s, as well as the DJ40, 
when concomitantly reducing sensitivity and specificity, cause dra-
matic reduction in the prediction value of the result of strength 
performance in soccer and volleyball players in puberty. 
All authors have declared there is not any potential conflict of 
interests concerning this article. 
REFERENcES
1. Kollias I, Panoutsakopoulos V, Papaiakovou G. Comparing jumping ability among athletes of various 
sports: vertical drop jumping from 60 centimeters. J Strength Cond res 2004;18:546-50.
2. Sands WA, McNeal Jr, Ochi MT, Urbanek Tl, Jemni M, Stone MH. Comparison of the Wingate and 
Bosco anaerobic tests. J Strength Cond res 2004;18:810-5.
3. Casartelli N, Müller r, Maffiuletti NA. Validity and reliability of the myotest accelerometric system for 
the assessment of vertical jump height. J Strength Cond res 2010;24:3186-93.
4. Ostojić SM, Stojanović M, Ahmetović z. Vertical jump as a tool in assessment of muscular power and 
anaerobic performance. Med Pregl 2010;63:371-5.
5. Wright GA, Pustina AA, Mikat rP, Kernozek TW. Predicting lower body power from vertical jump 
prediction equations for loaded jump squats at different intensities in men and women. J Strength 
Cond res 2012;26:648-55.
6. Borràs X, Balius X, DrobniC F, Galilea P. Vertical jump assessment on volleyball: a follow-up of three 
seasons of a high-level volleyball team. J Strength Cond res 2011;25:1686-94.
7. Sattler T, Sekulic D, Hadzic V, Uljevic O, Dervisevic E. Vertical jumping tests in volleyball: reliability, 
validity and playing-position specifics. J Strength Cond res 2012;26:1532-8.
8. Chamari K, Chaouachi A, Hambli M, Kaouech F, Wisløff U, Castagna C. The five-jump test for distance as 
a field test to assess lower limb explosive power in soccer players. J Strength Cond res 2008;22:944-50.
9. Quagliarella l, Sasanelli N, Belgiovine G, Accettura D, Notarnicola A, Moretti B. Evaluation of counter 
movement jump parameters in young male soccer players. J Appl Biomater Biomech 2011;9:40-6.
10. Meylan C, Malatesta D. Effects of in-season plyometric training within soccer practice on explosive 
actions of young players. J Strength Cond res 2009;23:2605-13.
11. Distefano lJ, Padua DA, Blackburn JT, Garrett WE, Guskiewicz KM, Marshall SW. Integrated injury 
prevention program improves balance and vertical jump height in children. J Strength Cond res 
2010;24:332-42.
12. ratel S. High-intensity and resistance training and elite young athletes. Med Sport Sci 2011;56:84-96.
13. Malina rM, Eisenmann JC, Cumming SP, ribeiro B, Aroso J. Maturity-associated variation in the growth 
and functional capacities of youth football (soccer) players 13-15 years. Eur J Appl Physiol 2004;91:555-62.
14. Coelho E Silva MJ, Moreira Carvalho H, Gonçalves CE, Figueiredo AJ, Elferink-Gemser MT, Philippaerts 
rM, et al. Growth, maturation, functional capacities and sport-specific skills in 12-13 year-old- basketball 
players. J Sports Med Phys Fit 2010;50:174-81.
15. lloyd rS, Oliver Jl, Hughes MG, Williams CA. Age-related differences in the neural regulation of stretch-
shortening cycle activities in male youths during maximal and sub-maximal hopping. J Electromyogr 
Kinesiol 2012;22:37-43.
16. lloyd rS, Oliver Jl, Hughes MG, Williams CA. The influence of chronological age on periods of 
accelerated adaptation of stretch-shortening cycle performance in pre and post pubescent boys. J 
Strength Cond res 2011; 25:1889-97.
17. lago-Peñas C, Casais l, Dellal A, rey E, Domínguez E. Anthropometric and physiological characteristics 
of young soccer players according to their playing positions: relevance for competition success. J 
Strength Cond res 2011;25:3358-67.
18. Bosco C. la valoración de la fuerza con el teste de Bosco. Barcelona: Paidotribo, 1994.
19. Bosco C, Dellisanti F, Fucci A, Tsarpela O, Annino G, Foti C, et al. Effetto della vibrazione su forza esplosiva, 
resistenza alla forza veloce e flessibilità muscolare. Med D Sport 2001;54:287-93.
20. lohman TG. Applicability of body composition techniques and constants for children and youth. 
Exerc Sport Sci rev 1986;14:325-57. 
21. Slaughter MH, lohman TG, Boileau rA, Horswill CA, Stillman rJ, Van loan MD, et al. Skinfold equations 
for estimation of body fatness in children and youth. Hum Biol 1988;60:709-23. 
22. Tanner JM. Growth at adolescence, with a general consideration of the effects of hereditary and 
environmental factors upon growth and maturation from birth to maturity, 2nd ed. Oxford: Blackwell 
Scientific Publications, 1962.
23. leone M, Comtois AS. Validity and reliability of self-assessment of sexual maturity in elite adolescent 
athletes. J Sports Med Phys Fit 2007;47:361-5.
24. lloyd rS, Oliver Jl, Hughes MG, Williams CA. Specificity of test selection for the appropriate assess-
ment of different measures of stretch-shortening cycle function in children. J Sports Med Phys Fit 
2011;51:595-602.
25. Gabriel DA, Kamen G, Frosn G. Neural adaptations to resistive exercise: mechanisms and recommenda-
tions for training practices. Sports Med 2006;36:133-49.
26. Bojsen-Møller J, Magnusson SP, rasmussen lr, Kjaer M, Aagaard P. Muscle performance during maximal 
isometric and dynamic contractions is influenced by the stiffness of the tendinous structures. J App 
Physiol 2005;99:986-94.
27. Earp JE, Kraemer WJ, Cormie P, Volek JS, Maresh CM, Joseph M, et al. Influence of muscle-tendon 
unit structure on rate of force development during the squat, countermovement, and drop jumps. J 
Strength Cond res 2011;25:340-7.
28. Mclellan CP, lovell DI, Gass GC. The role of rate of force development on vertical jump performance. 
J Strength Cond res 2011;25:379-85.
29. Kubo K, Morimoto M, Komuro T, Yata H, Tsunoda N, Kanehisa H, et al. Effects of plyometric and weight 
training on muscle-tendon complex and jump performance. Med Sci Sports Exerc 2007;39:1801-10.
30. Malina rM, Cumming SP, Kontos AP, Eisenmann JC, ribeiro B, Aroso J. Maturity-associated variation in 
sport-specific skills of youth soccer players aged 13-15 years. J Sports Sci 2005;23:515-22.
